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ABSTRACT: Fisetin, a flavonoid compound commonly present in fruits and vegetables, can exert anti-inflammation activities via
inhibition of the NF-kB-signaling pathway. This study aims to evaluate the antiasthma activity of fisetin and investigate its possible
molecular mechanisms.We found that fisetin attenuated lung inflammation, goblet cell hyperplasia, and airway hyperresponsiveness
in ovalbumin-induced asthma and decreased eosinophils and lymphocytes in bronchoalveolar lavage fluid. Fisetin treatment
reduced expression of the key initiators of allergic airway inflammation (eotaxin-1 and TSLP), Th2-associated cytokines (IL-4, IL-5,
and IL-13) in lungs, and Th2-predominant transcription factor GATA-3 and cytokines in thoracic lymph node cells and splenocytes.
Notably, fisetin treatment impaired NF-kB activation in OVA-stimulated lung tissues and TNF-α-stimulated bronchial epithelial
cells. Collectively, this study demonstrated the beneficial effect of fisetin in the amelioration of asthmatic phenotypes. The
antiasthma activity of fisetin is associated with reduction of Th2 responses as well as suppression of NF-kB and its downstream
chemokines.

KEYWORDS: Asthma, fisetin, NF-kB

’ INTRODUCTION

Fisetin (3,7,30,40-tetrahydroxyflavone, the structure was reported
previously1) is commonly found in fruits and vegetables such as
strawberries, grapes, and onions.2 Fisetin has multiple pharmacolo-
gical effects including antioxidation,3 anticarcinogenesis,4 antiangio-
genesis,5 and immunosuppression.1,6,7 Particularly, the anti-inflam-
matory effects of fisetin have been demonstrated both in vitro and
in vivo. Fisetin has been shown in vitro to suppress the secretion of
IL-4, IL-5, and IL-13 by activated basophils,6 inhibit histamine
release and cytokine expression (IL-4 and TNF-α) in human mast
cells,7,8 suppress the activation ofmacrophages and peripheral blood
mononuclear cells (PBMC), and impair maturation of dendritic
cells.1,9,10 Fisetin was found to inhibit NF-kB activation via suppres-
sing its upstream signaling molecules including TAK-1 and IkB-α
kinase (IKK) in cancer cells.4 Animal studies revealed that both
LPS-induced acute pulmonary inflammation and collagen-induced
arthritis were attenuated by fisetin.11,12 Jung et al. demonstrated that
flavonols attenuated the acute asthmatic responses through inhibi-
tion of eosinophils and neutrophils in the conscious guinea pigs.13

Allergic asthma (a chronic disease of the bronchial epithelium,
mucus-secreting glands, and lung parenchyma) is characterized
by lung inflammation, airway hyperresponsiveness (AHR), and
mucus overproduction.14 Evidence from clinical and preclinical
studies reveals the immunopathogenesis of allergic asthma
involving aberrant activation of pro-inflammatory cells, T helper
2 (Th2) cells, eosinophils, mast cells, and B cells and associated
changes in levels of cytokines (IL-4, IL-5, and IL-13).15 Activa-
tion and survival of eosinophils, the hallmark of allergic asthma,
are mainly related to IL-5,16 and the recruitment of circulating
eosinophils into lungs is driven by eotaxin-1 (also known as
chemokine ligand 11, CCL11) and IL-13.17 AHR and mucus

production are also induced by IL-13.18 It was shown that IL-4
and IL-13 can activate B cells for IgE production and thereby
activate mast cells and histamine release.14

Although Th2 cells and eosinophils have been considered the
main cell types involved in the pathogenesis of asthma, emerging
evidence has revealed the important contribution of bronchial
epithelial cells as the first line barrier to aspirated allergens.14 Upon
stimulation by antigen or proinflammatory cytokines, epithelial cells
secrete various mediators including thymic stromal lymphopoietin
(TSLP), a key initiator of allergic airway inflammation. TSLP
activates asthma-related inflammatory cells including eosinophils,
basophils, dendritic cells, and Th2 cells,19 and its transcription is
triggered by nuclear factor-kB (NF-kB).20 Indeed, the pivotal
importance of NF-kB activation in bronchial epithelial cells and
immune cells has been demonstrated both in murine models of
asthma and in asthma patients.21 Therefore, NF-kB has emerged as
a promising molecular target for the treatment of asthma.22

To further explore the immunopharmacological potential of
fisetin, we herein evaluated whether fisetin could attenuate OVA-
induced asthmatic phenotypes and investigated molecular me-
chanisms underlying fisetin-mediated antiasthma activity.

’MATERIALS AND METHODS

Chemicals and Antibodies. Fisetin, chicken ovalbumin (OVA,
grade V), and methacholine were purchased from Sigma-Aldrich
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(St. Louis, MO). Al(OH)3 was from Pierce Biotechnology (Rockford, IL).
Antibodies used in this study include antiphospho-IkB-α (Ser 32) and
anti-IkB-α (Cell Signaling, Danvers, MA), anti-p65 (Abcam, Cambridge,
UnitedKingdom), anti-GAPDH, andanti-HistoneH3(GeneTex, Irvine,CA).
Cell Culture. The immortalized human bronchial epithelial cell line,

NL 20, was purchased fromBioresource Collection and ResearchCenter
(BCRC, Hsinchu, Taiwan) and cultured in Ham's F12 medium supple-
mented with 2 mM L-glutamine, 0.1 mM nonessential amino acids,
0.005 mg/mL insulin, 10 ng/mL epidermal growth factor, 0.001 mg/mL
transferrin, 500 ng/mL hydrocortisone, and 4% fetal bovine serum.
OVA-Induced Murine Asthma Model and Fisetin Treat-

ment Protocol. The experimental protocol is shown in Figure 1. Male
BALB/c mice (6�8 weeks old) purchased from National Laboratory
Animal Center were sensitized with 100 μg of OVA plus 2 mg of
Al(OH)3 in 100 μL of phosphate-buffered saline (PBS) through
intraperitoneal (ip) injection on day 0 and day 7. The sensitized mice
were then challenged with aerosolized 2% OVA in PBS for 30 min on
days 14, 15, 17, 18, 21, and 22. Fisetin [1 or 3 mg/kg, in 2% dimethyl
sulfoxide (DMSO)] or vehicle (2%DMSO in PBS) was given through ip
injection at 12 and 1 h before each OVA challenge. Animals sensitized
with PBS containing Al(OH)3 and challenged with aerosolized PBS
were used as the negative controls. The animal study was performed
according to the Institutional Guidelines for Animal Care and Use
Committee at the National Yang Ming University (approval number:
1000311).
Bronchoalveolar Lavage (BAL) Fluid Analysis. Mice were

anesthetized by pentobarbital (60 mg/kg, ip) 24 h after the final aerosol
challenge. BAL was performed as described previously.23 Cells from
BAL fluid were suspended in PBS and counted, and cytospins were
prepared (200 rpm, 10 min) and stained with Wright-Giemsa. Differ-
ential counts of at least 300 cells were carried out in the high power field
of a microscope, and cells were identified based on their morphological
features. Moreover, the BAL fluid was collected to analyze cytokine
levels using enzyme-linked immunosorbent assay (ELISA).
Histological Analysis. Lung tissues were fixed with 10% formalin,

embedded in paraffin, and cut into 3 μm sections, which were stained
with hematoxylin and eosin (H&E stain) to determine lung inflamma-
tion and cell infiltration. The sections were also stained with periodic
acid-Schiff (PAS) and counterstained with hematoxylin to examine
goblet cell hyperplasia.
Measurement of AHR. Twenty-four hours after the final aerosol

challenge, AHR was measured in unrestrained mice using a whole body
plethysmograph (Buxco Electronics, Troy, NY). Before recording, the

chambers were calibrated with an injection of 1 mL of air. Conscious
mice received aerosol challenge with methacholine at increasing con-
centrations (0�20 mg/mL in saline) for 3 min. Enhanced pause (Penh)
was recorded for 3 min after each challenge. Penh = pause� PIF/PEF;
pause = (Te � Rt)/Rt (PIF, peak inspiratory height; PEF, peak
expiratory height; Te, expiratory time; and Rt, time to expire 65% of
the volume).
Isolation of Thoracic Lymph Node (TLN) Cells and Sple-

nocytes. TLN cells and splenocytes were used to determine the
immune-regulatory effects of fisetin. After the asthmatic mice were
sacrificed, TLNs and spleens were isolated, and cell clumps were
disaggregated into single cell suspensions using filtration through nylon
mesh (30 μm). Red blood cells were lysed by addition of lysis buffer. The
isolated TLN cells and splenocytes were cultured at the density of 3 �
106/mL in 24-well plates under the stimulation with 200 μg/mL OVA
for 96 h. The culture medium was collected to detect cytokine levels by
ELISA, and the expression of immune-regulatory genes in these cells was
determined by quantitative reverse transcription-polymerase chain
reaction (qRT-PCR).
Measurement of Gene Expression by qRT-PCR. Total RNA

was extracted from lung tissues or cultured cells with Trizol reagent
according to the manufacturer's instructions (Sigma-Aldrich), and the
concentration of RNA was determined. cDNA was synthesized from
2 μg of total RNA using the RevertAid First Strand cDNA Synthesis kit
(Fermentas, Burlington, Canada). The cDNA product from each sample
was analyzed by real-time PCR using the StepOnePlus Real-Time PCR
system (Applied Biosystems). The primers were designed using Primer
Express 2.0 (Applied Biosystems, Foster City, CA), and their sequences
are listed in Table 1. GAPDH serves as the internal control. The relative
expression of the target gene versus GAPDH was determined using
“2�ΔCT” where ΔCT represents the CT (threshold cycle) value of the
target gene minus the CT value of GAPDH.
Cytokine Assay. Lung tissues were homogenized with 1 mL of

protein extraction buffer (50 mM Tris-HCl, pH 7.4, 15 mM NaOH,
0.1% NP-40, 5 mM EDTA, and 10 mM EGTA) containing protease
inhibitor (Sigma-Aldrich), and the supernatant was collected after
centrifugation. The levels of IL-4, IL-5, and IFN-γ in the supernatant
of the homogenized lung tissues, BAL fluid, and media from cultured
TLN cells and splenocytes were all measured by ELISA (R&D Systems,
Bloomington, MN). The detection limit was 7.8 pg/mL.
Luciferase Assay. NL 20 cells were seeded at the density of 5 �

104/ml in 24-well plates, incubated for 24 h, and transfected with 0.5 μg
of luciferase reporter plasmid containing NF-kB binding sites (NF-kB-
Luc, Stratagene, La Jolla, CA) and 0.05 μg of β-galactosidase plasmid
using TurboFect reagent (Fermentas). Twenty-four hours later, the cells
were pretreated with vehicle (0.1% DMSO) or fisetin (1, 3, and 10 μM)
for 1 h, stimulated with 10 ng/mL of TNF-α for 5 h, lysed in 100 μL of
lysis buffer (Promega, Madison, WI), and assayed for luciferase activity

Figure 1. Scheme for OVA induction of asthma in mice and fisetin
treatment. The protocol of sensitization, challenge, and treatment was
described in the Materials and Methods. PBS group, PBS challenge with
DMSO treatment; OVA group, OVA challenge with DMSO treatment;
and F1/F3 groups, OVA challenge with fisetin treatment (1 or 3mg/kg).
The same designation for each treatment group is used in all subsequent
figures.

Table 1. List of Primers Used for Real-Time PCR

name sequence

GATA3-F (mouse) 50-CGAGACATAGAGAGCTACGCAATCT-30

GATA3-R (mouse) 50-CCTGAGTAGCAAGGAGCGTAGAG-30

eotaxin-1-F (mouse) 50-GAGCCTAAGAACTGCTTGATTCCT-30

eotaxin-1-R (mouse) 50-GGGCGACTGGTGCTGATATT-30

TSLP-F (mouse) 50-ATCCAGCTGTCAAAGGGTTCA-30

TSLP-R (mouse) 50-TCTCGTAGATGTGCAAGGCTCTT-30

IL-13-F (mouse) 50-CCTGGATTCCCTGACCAACA-30

IL-13-R (mouse) 50-TTACAGAGGCCATGCAATATCCT-30

GAPDH-F (mouse) 50-TGTGATGGGTGTGAACCACGA-30

GAPDH-R (mouse) 50-TGCTGTTGAAGTCGCAGGAGAC-30
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(Promega) as described previously.24 Luciferase activities were normal-
ized to β-galactosidase activities.
Measurement of Protein Expression. Lung tissues were homo-

genized in liquid nitrogen. Cytosolic fractions were extracted using
cytosolic lysis buffer (10 mM Tris, pH 7.4, 10 mMNaCl, 3 mMMgCl2,
and 0.5% NP-40), and nuclear fractions were extracted using nuclear
lysis buffer (20 mM HEPES, pH 7.9, 25% glycerol, 0.4 M NaCl, and
1.5 mMMgCl2). Cytosolic and nuclear protein lysates (50 μg per lane)
were separated on 10% SDS-PAGE and immunoblotted as previously
described.24 The PVDF membranes were probed with antiphospho-
IkB-α, anti-IkB-α, anti-p65, anti-histone H3, and anti-GAPDH anti-
bodies. The intensity of image was quantified using Image J program
version 1.40 (NIH, Bethesda, MD).
Statistical Analysis. Data are presented as means ( standard

errors of themean (SEMs). One-way analysis of variance followed by the
Dunnett test was used to determine the significance of between-group
differences. Statistical significance was set at p < 0.05.

’RESULTS

Fisetin Inhibited OVA-Induced Inflammatory Cell Infiltra-
tion and Goblet Cell Hyperplasia. The experimental protocols
for establishing the OVA-induced asthma model and treatment
with fisetin are outlined in Figure 1. To investigate whether

fisetin could suppress the OVA-induced infiltration of lungs by
inflammatory cells, we performed BAL 24 h after the final aerosol
challenge and examined each specimen using Wright-Giemsa
stain. OVA challenge significantly increased the total number of
cells in BAL fluid, as well as the numbers of eosinophils,
macrophages, lymphocytes, and neutrophils (Figure 2). Fisetin
(as compared with vehicle alone) significantly decreased the total
number of cells and number of eosinophils but not the number of
macrophages and neutrophils, and at the dose of 3 mg/kg, it
reduced the number of lymphocytes.
OVA-induced accumulation of inflammatory cells around the

bronchioles and small vessels was detected in H&E stained
paraffin-embedded lung sections (Figure 3A). As compared with
vehicle, fisetin reduced this accumulation. Furthermore, fisetin
also suppressed the OVA-induced goblet cell hyperplasia ob-
served in paraffin-embedded sections stained with PAS
(Figure 3B). Taken together, our data demonstrate that fisetin
has anti-inflammatory effects in lungs from mice responding to
OVA challenge.
Fisetin Reduced OVA-Induced Th2 Cytokines and Asthma-

Related Chemokines. Inflammation in asthma is considered as a
Th2 predominant immune reaction. To determine whether fisetin
suppresses Th2 type inflammation in the lung, we measured the
effects of fisetin on Th2 cytokine secretion, that is, onOVA-induced
expression of hallmark Th2 cytokines, IL-4 and IL-5, in BAL fluid
and lung tissues (Figure 4A,B).Notably, fisetin but not vehicle alone
effectively decreased IL-4 and IL-5 in BAL fluid and lung parench-
yma, suppressed the expression of IL-13 in lung parenchyma
(Figure 4C), but had no effect on a key Th1 cytokine, interferon-
γ (IFN-γ) (Figure 4A,B). Our data indicate that fisetin suppresses
Th2 responses without affecting Th1 responses.
OVA inhalation also activated proinflammatory signals in

bronchial epithelial cells causing them to secrete eotaxin-1 and
TSLP. The mRNA expressions of both eotaxin-1 and TSLP in lung
parenchyma were much higher in OVA-challenged mice than PBS
control group, and their expressions were significantly suppressed
by fisetin (Figure 4C). Our data suggested that fisetin suppresses
not only Th2 reactions but also proinflammatory signals associated
with bronchial epithelial cells.
Fisetin Suppressed OVA-Induced Th2 Regulators in Cul-

tured TLN Cells and Splenocytes. To investigate whether
fisetin treatment directly suppress Th2-related responses in
immune cells, we cultured TLN cells and splenocytes isolated
from the mice under various treatments. IL-4 and IL-5 levels
secreted by TLN cells and splenocytes were both higher from
OVA-challenged mice than from control mice (Figure 5A,B),
and fisetin reduced this OVA-induced IL-4 and IL-5 production.
Transcription factor GATA-3 plays essential roles in the tran-

scriptional regulation of IL-4 and IL-5. The mRNA expression of
GATA-3 in TLN cells and splenocytes from OVA-challenged mice
was higher than that fromPBS-challengedmice (Figure 5C), and its
expression was reduced in fisetin-treated mice. Taken together,
these data suggest that fisetin inhibits the secretion of IL-4 and IL-5
in immune cells via suppressing the expression of GATA-3.
Fisetin Suppressed OVA-Induced AHR. Because fisetin

suppressed Th2-related inflammation and goblet cell hyperplasia
after OVA challenge, we then investigated whether fisetin
attenuates AHR. We measured Penh using whole body plethy-
somograph in free-moving mice after exposure to increasing
doses of methacholine, an airway constrictor (Figure 6). The
degree of Penh increase was notably higher in OVA-challenged
mice, and fisetin suppressed this increase.

Figure 2. Fisetin suppressed accumulation of inflammatory leukocytes
in the airways of OVA-challenged mice. Total cell counts and differential
counts of at least 300 cells in BAL fluid from mice subjected to various
treatments were determined 24 h after the final challenge. PBS, n = 5;
OVA, n = 9; F1, n = 6; and F3, n = 6. Values are shown asmeans( SEMs,
and p < 0.05 indicates significant difference.
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Fisetin Inhibited NF-jB Activation in Lung Tissues and
Bronchial Epithelial Cells. To determine whether the therapeutic
effect of fisetin on OVA-induced asthma is through NF-kB
inhibition, we examined the expression of phosphorylated
IkB-α and the nuclear localization of p65 subunit of NF-kB in
lung tissues of mice subjected to OVA challenge. Fisetin
suppressed phosphorylation of IkB-α in lung parenchyma
(Figure 7A) and attenuated nuclear localization of p65 in lung
tissues (Figure 7B).
We further investigatedwhether fisetin inhibitedNF-kB activation

in the bronchial epithelial cell line NL 20 using reporter assays.

As shown in Figure 7C, fisetin (10 μM) inhibited TNF-α-induced
NF-kB activation. Notably, fisetin treatment (10 μM, 24 h) had no
cytotoxic effect on NL 20 cells (data not shown). These data
demonstrated that fisetin could attenuate OVA-induced asthma
through inhibition of NF-kB in lung tissues, and it could also
suppress NF-kB activity in TNF-α-stimulated bronchial epithelial
cells.

’DISCUSSION

Our results revealed that fisetin attenuated OVA-induced lung
inflammation, goblet cells hyperplasia, and AHR (Figures 3 and 6).

Figure 3. Fisetin suppressed OVA-induced lung inflammation and goblet cell hyperplasia. Lung tissues from mice subjected to various treatments were fixed,
sectioned, and stainedwith (A) hematoxylin and eosin formicroscopic examination (magnification, 100�) and (B) PASwith hematoxylin (magnification, 200�).
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Fisetin significantly reduced the numbers of infiltrating leukocytes in
the airways of OVA-challenged mice, especially eosinophils and
lymphocytes (Figure 2). Accordingly,OVA-inducedTh2-associated
cytokines (IL-4, IL-5, and IL-13) and transcription factor, GATA-3,
were significantly suppressed by fisetin treatment (Figures 4 and 5).
Eotaxin-1 and TSLP, secreted by bronchial epithelial cells, were also
significantly suppressed by fisetin treatment (Figure 4). Fisetin also
inhibited NF-kB activation in lung tissues and bronchial epithelial
cells (Figure 7). Collectively, our data demonstrated that fisetin
inhibited the Th2-dominant inflammation and AHR in OVA-
induced asthma, revealing the beneficial effect of this compound
for attenuating asthmatic responses.

Fisetin was identified as a NF-kB inhibitor because of its
inhibitory effects on TAK-1 and IKK.4 NF-kB is involved in the
gene expressions of asthma-associated proinflammatory cyto-
kines and chemokines (including TSLP and eotaxin-120,25) and
of GATA-3.26 Our results showed expression of eotaxin-1 and

TSLP in lung tissues, and GATA-3 in cultured TLN cells and
splenocytes was reduced by fisetin and suggested that this
reduction might be the consequence of NF-kB inhibition.
Indeed, activation of NF-kB in bronchial epithelial cells and
immune cells is highly associated with the development of
asthma,27,28 and several NF-kB-targeting strategies, such as
small-molecule inhibitors and antisense oligonucleotides, are
effective in experimental asthma models.29�31 Fisetin was pre-
viously shown to suppress NF-kB activity in immune cells.1 In
this study, we showed fisetin could inhibit NF-kB activity in
stimulated bronchial epithelial cells. Notably, phosphorylation of
IkB-α and nuclear translocation of p65 in lung tissues were
reduced upon fisetin treatment. Collectively, we hypothesized
that fisetin suppressed OVA-induced asthma by inhibiting NF-k
B activity in both epithelial cells and pro-inflammatory cells.

Jung et al. demonstrated that flavonols (including fisetin)
attenuate acute asthmatic responses in guinea pig.13 They found,

Figure 4. Fisetin reduced levels of Th2 cytokines and asthma-related chemokines in BAL fluid and lung parenchyma. BAL fluid and lung tissues were
collected frommice subjected to various treatments 24 h after the final challenge. Cytokine levels in (A) BAL fluid and (B) total lung homogenates were
determined by ELISA. (C) The expressions of indicated genes in lung tissues were determined by qRT-PCR. Values are shown as means( SEMs, and
p < 0.05 indicates significant difference.
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as did we, that fisetin could inhibit recruitment of eosinophils.
However, in their study,fisetin suppressed histamine, erythropoietin
(EPO), and phospholipase A2 (PLA2) activity in BAL fluid, which
only reflected the inhibitory effects of fisetin on the activation of
mast cells, eosinophils, and neutrophils. The effects of fisetin onTh2
reactions, the predominant immune responses in asthma, were not
addressed. Our study demonstrated, for the first time, that fisetin
downregulated Th2-associated regulators (GATA-3, IL-4, IL-5, and
IL-13) as well as bronchial epithelial cell-related cytokine and
chemokine (TSLP and eotaxin-1) in a murine asthma model.
Moreover, fisetin inhibited NF-kB in lung tissues and cultured

bronchial epithelial cells. Our results further elucidate the molecular
mechanisms underlying the antiasthmatic effect of fisetin.

In the immunopathogenesis of asthma, the main antigen pre-
senting cells (APCs) for activating Th2 cells are dendritic cells.
However, recent data indicate that eosinophils not only can function
as effector cells but also can act as APC for activating and recruiting
Th2 cells in asthma.32 Therefore, the eosinophil is a major con-
tributor to the pathogenesis of allergic asthma. Notably, our study
showed that fisetin mainly reduced eosinophil counts in BAL fluid,
suggesting that the eosinophil is the main cell target of fisetin. In the
process of eosinophil accumulation, IL-5 induces the release of

Figure 5. Fisetin inhibited the expression of the cytokines (IL-4 and IL-5) and transcription factor (GATA-3) in cultured TLN cells and splenocytes
under OVA stimulation. Twenty-four hours after the final OVA challenge, isolated TLN cells and splenocytes were cultured in the presence of OVA
(200 μg/mL) for 96 h. Culture media from (A) TLN cells and (B) splenocytes of mice treated under the indicated conditions were collected, and the
levels of IL-4 and IL-5 were measured using ELISA. (C) The mRNA expression of GATA-3 in TLN cells and splenocytes was measured by qRT-PCR.
Values are shown as means ( SEMs, and p < 0.05 means significant difference.
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eosinophils from bone marrow to blood, and eotaxin-1 and
IL-13 induce the transfer of eosinophils from blood to target
tissues.33 Recent evidence also demonstrated that TSLP activate
eosinophils.34 On the basis of our results showing that fisetin
suppressed eosinophil accumulation in BAL fluid and the expres-
sions of IL-5, IL-13, eotaxin-1, and TSLP, we speculated that fisetin
treatment impaired the recruitment and activation of eosinophils via
suppressing the expressions of these cytokines and chemokines.
Certainly, the exact mechanisms by which fisetin affects eosinophils
merit further investigation.

In this study, ip injection was used to demonstrate the
antiasthma activity of fisetin in vivo. The dosing regimen used
in this study is based on our previous study showing in vivo
immunosuppressive effect of fisetin.1 Recently, a study by Shia
et al. describes the pharmacokinetic profiles of fisetin via oral
(50 mg/kg; single injection) and intravenous (10 mg/kg; single
injection) administration in rats.35 Their data indicate that fisetin
po is more rapidly metabolized than fisetin iv. Because fisetin via
iv or ip administration does not pass through the gastrointestinal
system, we assume the pharmacokinetic profile of fisetin ip will
be more similar to that of fisetin iv. Nevertheless, we carried out
multiple ip injections in this study (Figure 1), which presumably
causes more complicated pharmacokinetic profile than that of
single injection. Thus, the actual pharmacokinetic profiles of
fisetin in our study remained to be further determined.

Several immunosuppressive drugs, such as corticosteroids, β2-
adrenergic agonist, and cytokines (TGF-β and IL-10), are
available for treating allergic diseases,36 but most of them have
significant side effects. Recent experimental evidence from in
vitro and in vivo studies supports that dietary flavonoid com-
pounds (such as fisetin, quercetin, and luteolin) have potent anti-
inflammatory activities.13,37 Furthermore, epidemiological stud-
ies reported that a low incidence of asthma was found in
individuals who intake high amount of flavonoids.38 Our study
has demonstrated that fisetin effectively attenuate asthmatic
phenotypes, supporting that it is a promising candidate com-
pound for alleviating allergic diseases. Because fisetin is com-
monly present in dietary plants and the fisetin dosages used
in our study did not appear to cause any deleterious side effects,
this compound presumably is safer than current immunosup-
pressive drugs. Certainly, the molecular basis and clinical

implications of fisetin-mediated antiasthmatic activity merit
further investigation.

Figure 6. Fisetin suppressed OVA-induced AHR. AHRwas determined
using whole body plethysmograph 24 h after the final challenge. Values
are shown as means ( SEMs; * indicates significant difference vs
PBS group (p < 0.05). # means significant difference vs OVA group
(p < 0.05).

Figure 7. Fisetin suppressedOVA-induced IkB-α phosphorylation and p65
translocation in lung tissues and attenuated TNF-α-induced NF-kB activa-
tion in bronchial epithelial cells. (A) Phosphorylated IkB-α (p-IkB-α) and
total IkB-α in cytosolic lysates of lung tissues (50 μg per lane) were detected
byWestern blot, whereGAPDHwas the internal control. Quantification data
(n = 6 for each treatment group) are shown in the bottom panel. (B)
Immunoblotting of p65 in cytosolic andnuclear extracts of lung tissues (50μg
per lane) were carried out, where histone H3 and GAPDHwere the internal
controls. Quantification data (n= 6 for each treatment group) were shown in
bottom panel. (C) Relative luciferase activities in NL 20 cells under various
treatments. * indicates significant difference vs control (p < 0.05). # means
significant difference vs vehicle (p < 0.05).
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